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|. | QETLE: Calculation of heat ‘tcinater into liquid metals in a turbulent flow when qis.... _..| 
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a "TOPIC TAGS: liquid metal, turbulent flow, hydraulics, molecular heat exchange, heat 4 
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ABSTRACT: ~ When calculating turbulent flow in pipes, heat exchange is considered either L 
& ‘in two layers (Prandtl, Taylor) or in three layers (von Karman, Shvab). This investigation j 
~~ further develops. the three-layer thermal flow theory proposed by V.M. Borishanskiy sy! 
. (Vtoroye soveshchaniye po teoreticheskoy i prikladnoy magnitnoy gidrodinamike. Riga, 


, | Ind-vo AN Latv. SSR, 1962.) Flow is divided into three layers: a therroil sub-layer where: 
_ | heat is distributed by molecular transfer; an intermediate thermal core where heat is trans- 
“---' ferred both: by molecules and by turbulent flow, and a turbulent thermal core where heat is | 
| transferred only by turbulent flow. “The investigation clearly shows that iin tne general case. 
‘ the laws of turbulent transfer for low Prandtl figures are the same as for liquide when : 
oP Pp> 1. ‘The calculation of heat loss and temperature fields according to tne progoted - 
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ABSTRACT: © Internal heat sources exist in a flow of liquid, which carries : 
- - padioactive impurities with it, or if an electric current pas~ 
ges through 4 liquid metal beam. The influence exercised by heat § 

Ca HOEY SF Het Geaniet gQurces UpOR the thermal coefficient is theoretically anvesti= Lh 
7 gated for the case in which the liquid carrying sources ith i} 
‘4t moves within & round tube. The tube ig assumed to be suf~ 
ficiently long in order that the places of disturbance at the 

entry of the liquid into the tube may be neglected. The formulas 
are written down practically without deduction, and the in~ 
fluence exercised by the density of the internal heat source 

upon @ stabilizing heat transfer in ths tube is shown gra hicali- 
ly, in which case +) an extrem turbulent: flow (p= 4), 2) a 
laminar flow, and 3) 4 turbulent flow with tre velocity distri- 
bution according to-+he 4/Tvlaw is assumed. In general, she | 
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fen wae Influence of an Internal Heat Source on the. ieee he Transfer 
piano found to be not great and to be ‘affective only 
e Bad i 
aa @ are 1 figure and 2 references, 4 of which is. 


SUBMITTED: December 12, 1958 
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3/089/61/011/005/002 017 - 
2 6.5700 B102/B101 
2Y 5200014991 1537) 
~ AUTHORS! ~~ Borishanskiy;-V. M., Ivashohenko, N.I.,. Zablotsekaya, T. Ve 
—_— ~~ mTpiR: ~~ Caletilation of heat transfor for the case of turbulent flow a. 
of liquids for small Prandtl numbers (Pr«1) through tubes * 


PERIODICAL: Atomnaya energiya, V» 11, no. or 1961, 426 = 430 


EXT: Some heat-transfer problems are studied theoretically. for 4 

turbulent flow of a liquid metal (Pr 1) using a three-layer thermal 

model: (1) Laminar boundary layer with molecular heat exchange; 

i?) intermediate layer with molecular and turbulent heat exchange 

boundary layer of liquid); (3) turbulent core of the flow with turbulent 

heat exchange only. The momentum transfer in this model is calculated 
according to Gs Schlichting (Grenzschichttheorie (Boundary Layer Theory) ) 
og using dimensionless coordinates. The boundaries of the zones are 

m 6=~—Sti‘(itété es cated ner the following assumptions: (1) Dimensionless temperature 


oe nee te ae te cee te eee tee ee ee eee _A oe gg Sone 7} 
and velocity differences in the turbulent region are similart 9 = > in. ”) Oo 
2 


yp is a dimensionless relative temperature (or velocity), 
Card 1/65! : 
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 Gaicilation of heat transfer. -B102/B101 : 
. distance from the tube wall, v* - dynamic wd 
sivity, ¥ - kinematic viscosity, * - turbulence, 
dary is given by i 
y* to the 


= yv¥/a (or yv*/>)s ¥ 

_ velocity, a - thermal diffu 

pre v/a. © For the turbulent core yv*/a = yv*/¥, its boun 
Y40 = Yyo/ Pri the subscript % refers to the temperature, 

. “dynamical yelocity" = where %, the shearing stress on the tube wall 

and the density and 2 indicates the poundary of the turbulent core. 


a ~ g, 84. Kutateladze, 0. S, Fedynskiy et al. (zhidkometallicheskiye ee | 
— teploncsiteli. Prilozheniye No. 2-k zhurnalu “Atomnaye energiya". M., A 
‘Atomizaat, 1958) have shown that also for liquid metals the thicknoas ‘i peo 


ratio of dynamic and thermal layers is proportional to pr’ 3, So the 
... interface between wall layer and intermediate layer is given by 


yee yy ,/Pr 3, where Tes ‘me Sv/vte “whe heat transfer coefficients and 


— | the temperature field are caloulated using the pasic relations from Ret.2 
us _ (R, Lyon. Chem. Engng. Progre Als no.w2, 719% 1951). The resuits 
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Hy ‘gatoulation.of heat transfer. . 
na= +} Mb) ag | — + (ae a (5) 
ea eee Ca) ee at 
q : Sengates oo ere gk . j ; ; 
i ade t fotde a Aaa 
a db}. (6) 
$e a8 err) tes : 


nted grephically with those of criculations for 4 double~layer 
h_experimontal investigatione. G. MN. Kruzhilin a a 
ype de 561g vype De. deatteses, Oe ee a |: 
(Tr. Leningredskogo industrial !nogo {notituta, VyPe 1; 1957) 5: Ref. Tt. amas: 
~ ¥V, Ge Levich (Fiziko-khimicheskeye gidrodinamike (Physicochemical Hydrs- 
 @ynamics), Me Fizmatgiz, 1858, str. 202), and Ve He Borishenskly (Vtoroye  - 
_. goveahaniye po teoreticheskoy. i priklednoy magni tnoy gidrodinemike. Jezisy 
- dokladove. Rigas Izd-vo “AN Latv. SSR, 1960, str. 81) are mentioned. There 
-- gre’ 4. figures and 12 references? . 5 Soviet and .7 non-Soviet. |. The four. 
See erences to Biglish-lenguage. publications rene as follows! R.. Martinelli. 
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oS Bryans s ASME, 69 Hos 8, 947: (4947) + Rs lyons: Chem. Engng. Bea ue AT Ss: 
Hoe 2, 75. (19515; -Ref.' 9: S. Isakoff, T.. Drew. Proceedings of ‘he: “General 


~~ hiseussion ‘on™ ‘Heat Transfer,» 495%: Be 40512) Ref. 10: He ~ Brown en ale Trans. zi iI 


my CASE, 79, Nos 2, 279 (1957) 
| SURKTDEED: December 29, 1960 rn ee ee ae a a Og oy : 
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‘bles 5. Temperature : fields calculated — three-layer model} wewer, 
double-layer nodel) and measured (o heating of He (Ref. 9); + s0oling of 


He (Ret. 10))° (@) Re = 119+ 10, Pp a Oe 02395 () Re = 290- “10°; Pr = 0.02. 


7 flee he eae transfer ceveutatde iewine te Eqe (5) ( i eeesTaver® 


model, ---- double-layer model, Ref. 7) and measured (0, +, as in Fig. 3). 
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mitle -«:-« Anti genous Fractions ‘teoloted From Group A.Streptococel 

- and Their Serological Properticse ; an | 
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Abstract =: A ary mass of Group A streptococci was cleansea of fat 
: (using a mixture of ether and alcohol), pulverized in 
‘distilled water, and centrifuged, eo @ temperature of 
three fractions were precipitated out of the suprascdi-.. 
montary Liquid by adding ethanol: to uw concentration of 
iy with a pi of 565 (first fraction), to a concentration 
of ‘15% with an pil of. 5.6 (sucond fraction), and to o con 


centration of 66% with o pH of ‘[.0 (third fraction) «. 
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The precipitate was pulverized ina dilute HCl solution 

- with a 4.2 pH; to the derived solution ethanol was addcd 
to a concentration of 834, the temperature etill being 00 
and the pH 5.8, and fraction &) Was precipitated. A part ~ 
of the precipitate which did not Gissolve in the HCl colu- 
tion was pulverized with a dilute NaQW solution with pH of 
8.5 , and from the solution this acquired the b, fraction 
was precipitated at a temperature of 0° by adding cthanol 
up to a concentration of 66% with the pH of 5.6; fraction 
by Was acquired by adding cthanol to a concentration of 
B84 with the pH 5.6, All tho fractions gave a cyclical 
precipitation reaction with immunizing serum, and all cx- 
cept a, were adsorbed on sheep erythrocytes. Antigene C 
os well as the 3 and a) fractions adsorbed the antibodics 
of fractions b, and b,. The b, and by fractions did not 
adsorb the antibodics of the C antigene and the 3 and ay 

‘antibodies. The M antigene did not adsorb the antibodics 

Card 2/2 of various fractions. -- 0.5, Frankfurt, 
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